Introduction
The Holothuriidae is one of the most diverse families of sea cucumbers, with the bulk of this diversity in shallow, tropical waters. Of the more than 185 species currently recognized, all but a handful thrive in the tropics, predominantly on coral reefs, at less than 50 m depths. It is therefore noteworthy that recent surveys in Australia revealed two new deepwater species from subtropical to warm temperate latitudes. Specimens of the two new Holothuria species were collected from the continental slope off western and south-western Australia during the survey SS10/2005 by Australia's national science agency, the Commonwealth Scientifi c and Industrial Research Organization (CSIRO), that is aiming "to characterize benthic ecosystems off Western Australia". This was commenced through the Marine National Facility by the RV Southern Surveyor in the last months of 2005. Additional specimens were discovered in the collections of Museum Victoria. To ascertain the subgenera to which the two new species belong, comparative morphological and molecular studies were undertaken.
Methods
Genetic characterization was pursued by sequencing portions of the mitochondrial 16S (large subunit) RNA and cytochrome oxidase I (COI) genes. Ethanol-fi xed tissues of the new taxa, related species, and outgroup taxa (see Table 1 for voucher information) were macerated, digested in DNAzol ® and proteinase K overnight, and genomic DNA isolated using standard procedures (Meyer, 2003) . Genomic DNA of most samples was cleaned using the Qiagen polymerase chain reaction (PCR) cleanup kit, following manufacturer's protocols, except that cleaned DNA was resuspended in TE buffer. Qiagen cleanup helped eliminate problems with inhibition prevalent in holothurian samples.
An approximately 1120 bp long (1119 bp in H. nigralutea G255) section of the large subunit of the mitochondrial ribosome RNA gene (16S) was amplifi ed with a pair of overlapping primers.
16Sc1 (TACCTT[T/G]TGTAT[T/A]ATGG[T/A]TTAAC ) and 16Sc2 (TGATTATGCTACCTTNGCAC) (designed new)
amplifi ed 678 bp, and 16SAR (CGCCTGTTTATCAAAAACAT) and 16SBR (GCCGGTCTGAACTCAGATCACGT) (Palumbi, 1996) , amplifi ed 510 bp in H. nigralutea (G255). A 651 bp length of the mitochondrial cytochrome oxidase subunit 1 gene was amplifi ed with primers COIeF (ATAATGATAGGAGGRTTTGG) COIeR (GCTCGTGTRTCTACRTCCAT) (Arndt et al., 1996) . PCR products were sequenced at the University of Florida's ICBR center. Electropherograms were edited in Sequencher, aligned with Clustal X, and adjusted by eye. Sequences are deposited in GenBank (see Table 1 for GenBank and voucher information). Sequence data from the two gene regions were analyzed as a single concatenated dataset. Parsimony trees were generated by PAUP (version 4, Swofford, 2003) , with 100 bootstrap replicates. Bayesian analyses were run using Mr. Bayes (version 3.1.2, Ronquist and Huelsenbeck, 2003) , with MC 3 , GTR-I-Gamma, an uninformative prior, for 10 million generations. GTR-I-Gamma was chosen as the simplest model of evolution that fi tted the data, using the Akaike Information Criterion as implemented by the program Modeltest 3.6 (Posada and Crandall, 1998) , for each gene region as well as for the combined sequences. Indels were included in the analysis. There was no evidence for pseudogene sequences in any of several hundred specimens of Holothuria sequenced to date; all reads were clean and unambiguous.
For scanning electron microscopy (SEM), ossicles were cleared of associated soft tissues in commercial bleach. They were then air-dried, mounted on aluminium stubs, coated with gold, and observed with a JEOL JSM-6480LV scanning electron microscope. Abbreviations for institutions are: MNHN-Musée national d'Histoire naturelle, Paris; NMV-Museum Victoria, Australia; RBINS-Royal Belgian Institute of Natural Sciences; UFFlorida Museum of Natural History; UH-Zoologisches Museum, Universitat Hamburg; UM-University of Murcia, Spain; USNM-United States National Museum of Natural History, Smithsonian Institution, Washington.
Specimen registration number prefi xes are: MNHN EcHh; NMV F; RBINS IG; UF E; UH E; UM HO; USNM E. Description (preserved specimens). Body up to 250 mm long, up to 70 mm wide (F120438); elongate, not tapering from midbody, rounded anteriorly and posteriorly, oval in transverse section, longitudinal, deep, mid-ventral furrow frequently present. Body wall fi rm-leathery, up to 20 mm thick (F120438). Dorsal and lateral body surface pustulose, wrinkled; tubercles scattered irregularly dorsally and laterally, fl at, ocellate, "wartlike", oval to round, variable size, up to 2-10 mm across, sometimes contiguous, with papillae extending as small nipplelike projections, 1 mm high 0.5 mm wide, 3-12 mm apart, lacking ampullae. Ventral surface soft, pustulose, wrinkled, tube feet hard to discern, arranged in very irregular, scattered, paired series along ventral radii, about 5 mm apart (F110524), tube feet lacking ampullae. Mouth ventral, surrounded by irregular collar of about 50 inconspicuous oral papillae evident only in largest specimen (F120438); tentacles 20, peltate, with long, thin, tubular tentacle ampullae extending off calcareous ring plates, subequal, up to 25 mm (F109370) long. Anus terminal, lacking anal teeth. Left dorsolateral radial plate of calcareous ring 7 mm wide 5 mm high, with 4 anterior points, posterior margin with shallow rounded indentation. Left dorsolateral interradial plate 3 mm high, 3 mm wide, anterior spire, posterior margin with rounded indentation (F110526). With single dorsal stone canal/ madreporite, stone canal 1 mm long with attached madreporite 2 mm long (F109370), to stone canal 2 mm long with attached madreporite 3 mm long (F120441, F120442, F120438). With 1 or 2 sac-like polian vesicles, 12 mm (F110526) to 33 mm (F120441) long, narrowed distally; 2 polian vesicles in holotype, 30 and 15 mm long. Longitudinal muscles fl at, broad, thin median groove, dorsal bands up to 12 mm wide, ventral bands up to 30 mm wide (F120438). Gonadal tubules long, thin, multiple branching, extending to mid-body. Respiratory tree extending to anterior end. Cuvierian organ present, tubules up to 25 mm long, 1.5 mm in diameter, not branched. Gut contents calcareous detritus, fragments up to 10 mm long.
Ossicles. Dorsal body wall with numerous tables only; tables variable in size, variable in form of disc and spines; disc 52-72 μm in diameter, with 4-8 perforations, with alternating narrow and wide perforations that give slightly angular, quadrate aspect to disc, sometimes with fi ne spinelet at edge; spire with 4 pillars, typically 40 μm high (including spines), single crossbeam, crown with conspicuous spines that may extend beyond disc margin, these spines variable in length and form, up to 32 μm long, straight, curved, forked, with side branch. Dorsal papillae with tables, perforated plates, spinous spherical bodies; tables as for body wall, but some larger, with discs to 96 μm across, spires up to 64 μm high; plates irregularly rectangular (up to 144x128 μm) to narrowly oval (184x80 μm), plates formed around thick central rod, with large perforations centrally with angular edges and smaller perforations marginally with angular edges, and bluntly spinous marginal edge; reticulate spinous spherical body at apex of papilla, 320 μm wide. Ventral body wall with tables only, tables similar in form to dorsal ones, but often smaller, discs to 48 μm wide only, spire to 32 μm high only. Tube feet with endplates, support plates, support rods; endplates irregularly oval, up to 600 μm long, of complex form, partly single-layered plate with small perforations or mesh-like, partly with incomplete mesh-like secondary layering; support plates more elongated and more fi nely perforate than in papillae, up to 200 μm long; support rods rare, thick, curved, with some thick spines on outer edge, up to 120 μm long. Body wall around anus with tables and rods; tables as dorsally, but many larger, disc to 80 μm wide, spire 48 μm long; rods rare, thick, bent, with rugose spinous surface, up to 552 μm long. Tentacles with rods, reduced tables; rods thick to thin, rarely with terminal perforations, rarely branching, with thick spines, up to 652 μm long; tables irregular, mostly lacking a spire, discs 48-80 μm wide, spire up to 24 μm long if present, disc with 4-18 perforations, disc variably with bluntly spinous margin. Stone canal/madreporite with massed irregular rods, some branched, some branches anastomosing to form perforations, some with irregularly perforated mesh.
Tentacle ampullae, polian vesicles, gonad tubules, respiratory trees, longitudinal muscles, circular muscles, wall of cloaca and cuvierian organ devoid of ossicles.
Colour. Colour (live): background colour grey dorsally and dorsolaterally, yellowish laterally, and off-white ventrally. Dorsal and lateral tubercles white "wart-like" fl at papillae cones with green margin and small dark central spot. Body with grey-brown spots in addition to dark papillae spots. Colour (preserved): background colour grey-brown dorsally and dorsolaterally, brown to pale brown ventro-laterally and ventrally. Tubercles off-white with small dark brown or off-white central papilla. Body with scattered grey-brown spots in addition to papillae spots. Tube feet similar colour to body surface. Tentacles yellow-brown. Coelomic wall with closely paired series of radial dark spots radially, spots scattered interradially, not associated with papillae or tube feet. An exceptionally large specimen (F120438) has extensive, brown, dorso-lateral patches, and papillae not conspicuously ocellate.
Distribution. Australia, Western Australia, Abrolhos Is (29°S), to Victoria, Portland (39°S, 141°E); southern continental slope, 97-800 m.
Etymology. From the Latin austrinus (southern) and bassus (deep), referring to the unusually high latitude and deep occurrence for the genus (feminine).
Remarks. The new species is assigned to Holothuria Linnaeus, 1767, and provisionally referred to the subgenus Panningothuria Rowe, 1969 , as diagnosed in Rowe (1969 . Rowe (1969) Description (preserved specimens). Holotype 155 mm long, up to 35 mm high, up to 40 mm wide; paratype 145 mm long, up to 30 mm high, up to 45 mm wide; body length/width ratio less than 4; oval in tranverse section, not tapering from mid-body, rounded anteriorly and posteriorly; live body form short, squat, narrow anterior neck, narrow posterior tail (see photo of paratype). Body wall thick, soft-leathery, 2-5 mm thick, wrinkled, surface smooth to slightly rugose. Mouth ventral, surrounded by an irregular collar of about 60 inconspicuous papillae. Tentacles 20, peltate, with long thin tubular ampullae extending off calcareous ring plates, subequal, up to 20 mm long. Anus terminal, lacking anal teeth, with few anal papillae dorsally, with paired anal tube feet ventrally. Dorsal and lateral papillae inconspicuous in size but conspicuous in colour, fl at or nipple-like, about 0.5 mm diameter, scattered irregularly, 2-10 mm apart (holotype), lacking ampullae. Tube feet scattered irregularly over ventrum, 1-5 mm apart (holotype), retracted or slightly exposed, about 0.4 mm diameter, lacking ampullae. Left dorsolateral radial plate of calcareous ring 12 mm wide and 6 mm high, with 4 anterior points, posterior margin with shallow rounded indentation. Left dorso-lateral interradial plate 4 mm high and wide, anterior margin with spire, posterior margin with rounded indentation. Tuft of small stone canals/ madreporites on each side of dorsal mesentery, extending freely in coelom, up to 25 per tuft, each up to 3 mm long, some stone canals branched. Holotype with 4 sac-like polian vesicles, up to 5 mm long, 1 branched; paratype with 4 tubular, thin, polian vesicles, 3, 8, 10, 25 mm long, 2 branched from common base. Longitudinal muscles fl at, broadly attached, with narrowly free edges, up to 5 mm wide dorsally, up to 15 mm wide ventrally. Gonad tubules long, thin, multiple branching, extending half of body length. Respiratory trees extending to anterior end. Cuvierian organ absent. Gut contents calcareous detritus, with fragments up to 6 mm long.
Ossicles. Dorsal body wall with numerous rosettes, few tables; tables variable in form and size, 48-64 μm, commonly 56 μm long; disc reduced, typically 28 μm wide, smooth with a single central perforation; spire typically 20 μm wide, with 4 pillars united by a single cross-beam; crown widely spinous, typically 40 μm wide, with 16-20 large spines; rosettes plate-like, variable in form, with obtusely angular branches arising from primary rod, 24-48 μm long, frequently 2 small terminal and 2 large, lateral perforations (frequently with transverse bridging connection), but with up to 8 perforations. Papillae with rods, some mesh-like ossicles; rods up to 160 μm long, variably bluntly spinous, curved, with some distal perforations; papilla apex with irregular small rods resembling those in madreporite, some anastomosing to form an irregular open mesh. Ventral body wall with numerous rosettes, fewer tables; tables same as dorsal; rosettes larger than dorsally, up to 10 perforations, up to 40 μm long. Tube feet with endplates, perforated plates, tables, rosettes; endplates multilayered, up to 480 μm wide; perforated plates smooth, thin, subrectangular, formed from primary rod with perpendicular lateral branches, up to 128x104 μm, typically with 2 large lateral perforations mid-rod; tables and rosettes as in ventral body wall. Oral body wall with rosettes, tables, rods; tables similar to dorsal; rosettes frequently larger than dorsal ones, up to 56 μm long; rods same as in tentacles, up to 184 μm long. Anal body wall with rosettes, few tables, some rods; tables and rosettes as in ventral body wall; rods frequently with lateral branches, branches frequently joined to form lateral and terminal perforations, rods up to 88 μm long, intergrade with rosettes. Tentacle rods up to 344 μm long, frequently curved, thick to thin, coarsely or fi nely spinous, spines close or sparse, rare branches, with rare, mostly terminal perforations. Stone canal/madreporite ossicles massed irregular rods, some branched, some anastomosing to create perforations, some with an irregular, perforated mesh, up to 134 μm long. Respiratory tree with numerous irregular rods, up to 160 μm long, frequently with small node in middle of rod, and with branches at ends and node, variable in length and form, some branches joined to create terminal or lateral perforations.
Ossicles absent from tentacle ampullae, polian vesicles, gonad tubules, longitudinal muscles, circular muscles, and wall of cloaca.
Colour. Live colour (paratype): black on pale yellow; with scattered, small, brown spots at papillae. Preserved colour: variable pattern of black over pale yellow; with small red-brown spots around papillae and tube feet, spots irregularly distributed all over body, such spots always associated with papillae or tube feet; interior body wall with scattered, superfi cial, irregular black spots, that are not associated with papillae or tube feet.
Distribution. Off Point Cloates, Western Australia; 100 m.
Etymology. From the Latin niger (black) and luteus (yellow), referring to the black and yellow live colour (feminine).
Remarks. This species is assigned to Holothuria Linnaeus, 1767, and provisionally referred to the subgenus Halodeima Pearson, 1914 , as diagnosed in Rowe (1969 . suggested that Halodeima might need to be raised to generic rank, but added that "revision of Holothuriidae will depend on further comparative taxonomic studies as well as on more detailed phylogenetic analyses before any of the changes proposed can be solidifi ed into a new classifi cation". This work is progressing, and it remains premature to raise Halodeima to generic status or erect a new genus (see below). Cherbonnier, 1964 . Pawson (1978 added H. manningi. Samyn (2003) , and Paulay (1989 Paulay ( , 2003 Lesson (see below) , and the morphology of these species is closely similar. Distinguishing characters are listed in Table 3 . In describing his new species Lesson (1830) referred principally to its widespread commercial use, but he noted: cylindrical rounded thin slightly rugose sinuous form; ventral cover of irregularly distributed papillae; upper body deep sooty black colour; under body and sides pleasant red colour, speckled with black spots. Cherbonnier (1951) gave a more detailed description and illustrated the ossicles of the lectotype of H. edulis. He noted it had 6 polian vesicles, ranging in size from large to very small. The specimens of H. edulis examined in this study are in accord with these features. Féral and Cherbonnier (1986) illustrated live colour (p. 82 only).
Both specimens of H. nigralutea have ossicles in the respiratory trees. No ossicles were encountered in the respiratory tree of the lectotype of H. edulis. Ossicles were noted in only 1 of 7 specimens of H. edulis from northern Australia (NMV F95095), as they were in a specimen from Wake Atoll (UF E4670) (GP). Presence or absence of respiratory tree ossicles in H. edulis appears to be a variable character. Holothuria signata Ludwig, 1875 : 99, pl. V7, fi g. 36.-Lampert, 1885 : 64.-Théel, 1886 : 222-223.-Ludwig, 1889 -92: 330.-Lampert, 1896 : 53.-Ekman, 1926 : 438, fi g. Dl.
Holothuria edulis. -Ludwig, 1899 : 559-560.-Domantay, 1933 . signata treated as a junior synonym of H. edulis).
Holothuria (Halodeima) signata. -Paulay, 1989 : 10, 27.-Paulay, 2003 : 577.-Pawson, 1995 : 188.-Samyn 2003 
Description (anatomy based on UF E173 only).
Cylindrical, >5 times as long as wide (14.5 cm x 2.5 cm in UF E173), with rounded anterior and posterior; anus terminal, mouth ventral; body wall smooth, with velvety texture provided by dense layer of table crowns arranged right beneath the surface, 0.5-2 mm thick, thicker dorsally than ventrally. Interior of body wall offwhite, with conspicuous, large, scattered, black spots that do not positionally correspond to location of tube feet. Ventral and dorsal tube feet in rough rows, but spread out, all small, not elevated on tubercles. Pedicels with well developed terminal disc; dorsal tube feet also with terminal discs, but narrow, reduced. 2 stone canals and madreporites on left side, 4 on right side; single, ampulliform, 11 mm long, polian vesicle ventrally. Gonad on left side. Ring canal 9 mm posterior to calcareous ring. 18-21 peltate oral tentacles (UF E173 -21, UF E325 -18). No specialized perianal tube feet. No cuvierian tubules. Longitudinal muscles narrow, bifi d, attached only medially, with broad free margins.
Dorsal body wall with abundant tables and sparser rosettes. Tables with well developed crown of maltese cross with double ring of 8 spines typical of species group; spire elongate, comprised of 4 pillars joined at ends and by mid-level cross beam; base of table with smooth knob, lacking disk. Tables 1.75+/-0.10 times as long as wide, 51.5+/-2.3 um (N=10, range: 47.5-55 um) long, 29.5+/-2.7 um (N=10, range: 25-35 um) in diameter (at crown). Rosettes usually simple, with two parallel perforations, one of these subdivided in some, with 1 or 2 additional, terminal perforations developed in some, rarely more complex. Respiratory tree with abundant, thin, spiny rods. Longitudinal muscles, circular muscles, polian vesicles, and tentacle ampullae without ossicles.
Colour. In life: greyish-brown, somewhat lighter ventrally than dorsally; with small, round, cream to light tan spots surrounding each pedicel and papilla, both dorsally and ventrally. Tentacles yellowish to cream. Pedicels light tan basally, like the spot from which they arise, rapidly darkening to black-brown terminally, but with light tan terminal disc. Papillae same.
Distribution. Oceania, at least from the Mariana Is and Niue I. in the west, to the Pitcairn Is in the east (Paulay, 1989 (Paulay, , 2003 .
Remarks. Holothuria signata was relegated into the synonymy of H. edulis soon after its description. Ludwig himself later (1899) considered his species synonymous with H. edulis, based in part on Lampert's (1896) suggestion that they may be conspecifi c. Most literature records subsequent to the original description (such as Lampert, 1896) are secondary citations, or records of specimens that, on the basis of their description, are referrable to Holothuria edulis. The only records of additional specimens of H. signata are Paulay's (1989 Paulay's ( , 2003 records from the Pitcairn and Mariana Is, although little information was provided in those papers, and Erhardt and Baensch's (1998) record.
During the preparation of this paper, we re-examined the description and, remotely, the type specimen of H. signata and were able to confi rm its identity, as well as its distinctiveness from H. edulis. Ludwig (1875) clearly describes the unusual and unique colour pattern of this species, a pattern that, albeit faded, is still discernible in the lectotype today. Ludwig also illustrates the body wall tables, which are distinctly narrower than those of H. edulis. Finally, the identity of the species is also suggested on biogeographical grounds. Only two species of Holothuria (Halodeima) are known from French Polynesia, the type locality of H. signata: H. signata and the quite different H. atra. As far as we know H. edulis does not reach this area. One of us (GP) has studied the holothurians of French Polynesia on several occasions over the past 25 years, including a 2-month survey in 2006 of Moorea I. (just 17 km from Tahiti), and has never seen H. edulis in the area. In contrast H. signata is fairly common there.
Holothuria signata is a relatively small species that conceals itself during the day within the reef matrix (including under rocks), emerging at night to feed on the reef surface. Its habit thus contrasts markedly with that of H. edulis, a dayactive, exposed animal that prefers pockets of soft sediments within the reef, often in a lagoonal setting. The 2 species are immediately distinguishable on colour pattern, the shape of table ossicles, as well as genetically. Holothuria signata also does not grow as large as H. edulis.
Discussion
The discovery of these two new holothuriid species is noteworthy for several reasons. It shows that holothuriids are better represented at moderately high latitudes and in deep water than heretofore suspected. Rowe and Gates (1995) Holothuria forskali, the type and only species of Holothuria (Panningothuria) Rowe, 1969 , and H. austrinabassa, together form an isolated, deep branch in the family, suggesting that Panningothuria may warrant generic recognition. However, additional sampling and analysis are necessary to resolve the deep branching order in the Holothuriidae, before we are prepared to revise the genus level classifi cation of the family. The two species differ at 13% of base pairs in the sequenced portion of 16S-CO1, a level of differentiation typical of widely divergent sister species in this family. The relationship of these two species is intriguing, as they are the northernmost and southernmost species of Holothuriidae, demonstrating extreme temperate, cool water invasion, and bipolar distribution and dispersal. (Edwards, 1908, with illustration) , and mexicana (Hyman, 1955 , with illustration)) have multiple madreporites, providing further morphological evidence of their potential relationships. On the other hand, the tables in the H. signata-edulis-nigralutea clade have a single central disc perforation, while the tables in H. atra (see Rowe, 1969) and H. fl oridana-grisea-mexicana (see Hendler et al., 1995) While Pacifi c and Indian Ocean populations of H. edulis look similar, H. nigralutea has a distinct colour pattern and also differs in other details (see above). Similar rapid speciation has also been documented within the teatfi sh complex Holothuria (Microthele) by Uthicke et al. (2004) .
Several colour variants are represented among the sequenced H. edulis specimens. G104 and J292 represent typical forms, with a dark dorsum and a fuschia venter. K140 is a specimen that is uniformly fuschia, without the dark dorsum. Although no live colour information is available for it, N3 is represented by a specimen that has a distinctive colour in pickle: brown both dorsally and ventrally, and tan laterally. While the above represent rare colour variants, a fairly common colour form often assigned to H. edulis was also sequenced. This grey form (J282, J296; fi g. 5f), also illustrated in Féral and Cherbonnier (1986) , is known to us from New Caledonia (Féral and Cherbonnier, 1986) , Okinawa and Mauke (Cook Is) (GP), and Nauru (Alex Kerr, pers. comm.). It differs from typical H. edulis in its greyer colour, lacking the fuschia pattern of the latter, dark transverse creases, and habit of hiding in the reef matrix during the day (at least in Okinawa, Mauke, and New Caledonia (P. Laboute, pers. comm.)). Although we expected this form to represent a distinct species, there are no fi xed nucleotide differences discernible within the sequenced 16S-CO1 region, between it and typical Western Pacifi c H. edulis. Determining the status of this form will require further work, but it may be an ecomorph of H. edulis. Potentially the fuschia colour present in typical H. edulis could be due to a UV-photo-protective pigment that may be restricted to animals that live exposed to the sun, and is not developed in individuals living in cryptic habitats. The other colour morphs mentioned above were also genetically undifferentiated from typically-coloured individuals of H. edulis (fi g. 4).
The contrasting evolutionary histories of these two highlatitude holothurians in Australia have close parallels in other invertebrates, most notably in cypraeid gastropods (cowries) (Meyer, 2003) . Southern and western Australia are home to a large number of endemics, including endemic cowries. These include radiations of Umbilia, Zoila, and Notocypraea; all old, divergent cowrie genera that must have evolved the ability to live at high latitudes some time ago. The last is sister to Cypraeovula, a temperate genus in South Africa, showing biogeographic disjunction within the temperate zone. Extinct Japanese Zoila indicate this genus had a bipolar distribution in the past. In contrast the cowrie genus Cribarula has given rise to a series of subtropical western Australian endemic forms rapidly and in succession, much like the origin of H. nigralutea.
These and other invertebrates show that tropical species can rapidly give rise to western Australian subtropical and temperate endemics, but also that other cool-water elements of this region have specialized to high latitudes a long time ago.
